Dual and triple combinations of high oleic acid sunflower oil (SO), SO, and blend oil (BO) were used to produce carnauba wax (CW) oleogels (OGs). Fatty acid composition, solid fat content (SFC), and rheological and textural properties of these OGs were determined and compared to laboratorymanufactured margarine. Fatty acid composition, SFC, rheological properties, and firmness value of the OGs were significantly influenced by oil combinations. The storage modulus (G') value was higher than the loss modulus (G'') value in all the OGs. It indicated they are solid-like characteristics. Positive correlation between hardness and A F parameter was found.
Introduction
In the food industry, the usage of hardened oils for different purposes is worldwide. Hardened oils play a crucial role in the textural and sensory properties of food products [1] ; therefore, they are important for consumer acceptability of the final products. Hardened oils are produced by transforming the liquid oil into the solid form. The most common methods used for this transformation are hydrogenation, inter-esterification, and fractionation. [2] The common side effect of solidification method is the formation of a high amount of saturated fatty acids (SFA) or trans fats. For instance, trans fatty acids may occur in the partial hydrogenation process used in margarine production. [3] For this reason, both academic and industrial researchers have made an effort to develop different methods for converting liquid oils to the solid form by minimizing the amount of trans fats and SFA. [4] Margarines containing water, milk, additives, and oils are widely consumed hardened oils. The emulsion can be consumed directly or used as an ingredient in different processed foods such as in bakery products. [5] The prevalent vegetable-based oils used in margarine production are cotton oil, canola oil, and sunflower oil (SO), and the palm oil fractions such as palm stearin, palm olein, or palm kernel produced by the fractionation of palm oil. [6] Consumers avoid consuming margarine or margarine-including products because of the concerns of trans fat and SFA, which have negative effects on health.
The consumption of saturated and trans fatty acids increases the risk of cardiovascular diseases. These fatty acids increase the amount of low-density lipoprotein (LDL) cholesterol significantly; on the other hand, trans fatty acids decrease the amount of high-density lipoprotein (HDL) cholesterol in metabolism. [7, 8] The labelling of trans-fats-containing foods becomes mandatory. In many countries (products containing less than 2% trans-fat shall legally have an expression on the package saying that it does not contain trans fat) [9] , labelling and banning trans fat in foods became compulsory because of adverse effects on health. [10] Recently, numerous studies focused on reducing the amount of SFA and trans fats in foods [4, 11 ] by transforming liquid oils into solid-like form using non-conventional methods. Oleogelation or organogelation is a novel technique that represents the forming of liquid oils into a gel-like structure by entrapping the liquid phase into a thermo-reversible and three-dimensional gel network. [12] Oleogelation recently has been of great interest in many areas like pharmaceutics [13] , food, cosmetic, petrochemistry, etc. [4, 14] In the food industry, oleogels (OGs) prepared by different oils and waxes with various concentrations were used instead of adding shortenings into many food products such as cookies [15] [16] [17] [18] , spreads [19, 20] , chocolate pastes [20] , cakes [20, 21] , and compound chocolate [22, 23] Spreads and margarine-like products were studied by several researchers- [19, 20] , who used virgin olive oil and rapeseed oil as an oil phase and carnauba wax (CW), beeswax, shellac, rice bran, and sunflower wax as an oleogelator. The result indicated that the characteristics of OGs were remarkably affected by the oil and wax types and their concentrations. Therefore, further studies are required to produce OGs to fill the lacunae by achieving a good quality of shortenings or margarines by optimization of formulation. In this case, it is necessary to observe the usage possibilities of different oil/oleogelator combinations in the production of OG production.
Previous works have shown that waxes are the most efficient oleogelators because of their ability to start crystallization at lower concentrations (<10%), easy to find, and being economic. [24] Regarding the good crystallization behaviour of waxes, it can be mentioned that some specific characteristics of waxes, including low polarity, high melting point, and long chain length, are affected by the crystallization of oils. [25] SO has been widely used for cooking and frying during food processing and is a great source for the biodiesel industry. [26] SO has a high amount of polyunsaturated fatty acids (the majority of fatty acids is linoleic acid). [27] Based on its fatty acid composition, SO is classified into four different groups: high oleic sunflower oil (HOSO), mid-oleic sunflower oil (MOSO), high stearic high oleic sunflower oil (HSHOSO), and high palmitic high oleic sunflower oil (HPHOSO). [28] OGs were prepared from SO [21, 16] and HOSO [29] to use in the preparation of cookies, cakes, and ice creams. In this study, it was aimed to produce wax OGs using different percentages of SO and HOSO and to observe quality similarities with conventional margarines in terms of some physicochemical properties.
The first objective of this study was to investigate the potential usage of SO wax-OGs in margarine formulation, which had low SFA and trans fat, as an alternative to spreadable products like margarines. Second, it also aimed to increase the unsaturated fatty acid content by using HOSO instead of regular SO in OG formulation.
Material and methods

Materials
Industrial blend oil (BO) produced by In-Es (inter-esterification) technology containing 50% palm oil, 20% palm stearin, 20% cotton oil, and 10% palm kernel SO and HOSO were purchased from a local market in Istanbul. Food-grade CW (2442, Kahlwax; Kahl GmbH & Co. KG) was supplied by Ejder Kimya Inc. The ingredients of margarine formulation were procured from a company in Istanbul, Turkey.
Methods
The formulation and the production procedure of OGs and margarine are showed in Figure 1 . The water content in watery formulations was 16%, which is equal to the water content of the commercial margarines sold in Turkey. Approximately 5% CW was used in all the OG formulations. The preparation of all OGs and margarine was similar to the production of commercial margarine.
Production of margarine
For margarine production, BO was melted and emulsifiers ((‰ 2‰) sunflower lecithin + (5‰) monodiglyceride), (2‰) β-carotene, (0,15‰) Vitamin A, and (0,015‰) vitamin AD 3 were solved in a small amount of melted oil. For the water phase of margarine, 1‰ citric acid, 1‰ potassium sorbate, and 2.5% sodium chloride were solved in tap water and 40‰ skim milk was added into the mixture. Afterwards, water and oil phases were emulsified and sonicated for 10 min at 100% amplitude by an ultrasonic homogenizator (Hielscher-UP200 Ht, Germany). The second homogenization was applied using ultra-turrax for 10 min and the final product was gradually cooled down to room temperature and kept in a refrigerator for upcoming analysis.
Production of OGs
Before the preparation of OGs, previously weighed waxes and oils were placed in a water bath at 90°C . While emulsifiers ((‰ 2‰) sunflower lecitin + (‰ 5‰) monodiglyceride), (‰ 2‰) β-carotene, (‰ 0,15‰) Vitamin A, and (‰ 0,015‰) vitamin AD 3 were solved in oil phase, stabilizators (citric acid, potassium sorbate, and NaCl) were solved in water phase. The OGs were produced as follows. First, water phase (W) and oil phase (O) were mixed. For better emulsion, a two-phase mix was sonicated for 10 min at 100% amplitude by an ultrasonic homogenizator (Hielscher-UP200Ht, Germany). Emulsion (W/O) and wax (X) were heated until 90°C for the second time after sonication. When the W/O reached a similar temperature where wax was melted, W/O was poured into the melted wax. To proceed with the same emulsion quality, the wax/emulsion (X/O/W) mixture was homogenized with ultra-turrax for 10 min and cooled down in room temperature and kept in the refrigerator.
Determination of the fatty acid composition of OGs GC-FID (Agilent 6890 GC, USA) equipped with an HP-88 column (100 m x 0.25 mm ID x 0.2 µm) was used to determine the fatty acid composition of the samples. The methyl esters of the fatty acids were prepared according to the method in AOCS [30] with some modifications. Around 10 ml of n-hexane was poured into a centrifuge tube and 0.1 g sample was added. The whole mixture was mixed for 30 s in a vortex mixer (VELP-ZX3, Italy). A total of 100 µl of 2 N potassium hydroxide (KOH) solution prepared in methyl alcohol was added and mixed for 30 s by a vortex mixer and centrifuged at 40 rpm for 5 min. After centrifugation, 1-2 ml supernatant was transferred to GC vials and placed in an auto sampler. Temperature and oven program of the method were as follows: inlet temperature: 250°C; injection volume: 1 µl; split ratio: 1/50; carrier gas: helium; pressure flow: 2 ml/ min; oven temperature: 120°C for 1 min, increasing to 175°C at 10°C/min, to 210°C at 5°C/min, to 230°C at 5°C/min and waiting at that temperature for 5 min; detector temperature: 280°C; detector gases: hydrogen: 40 ml/min, air: 450 ml/min, helium: 30 ml/min.
Determination of solid fat content of OGs
Solid fat content (SFC) of the samples was determined using NMR (Bruker Minispec 7.5 MHz, USA) at three different temperatures (10, 20 , and 30°C). Around 3.5 ml of water-free samples were placed in NMR glass tubes and kept at 60°C for 5 min and then at 0°C for 1 h. Afterwards, they were maintained in a water bath at 20°C for 30 min. The hardened sample was selected and then put into NMR. [31] Rheological properties of OGs Stress/strain controlled rheometer (Anton Paar, MCR 302, Australia) equipped with a Peltier heating/cooling system was used for determining the viscoelastic characteristics of the samples. Parallel plate geometry (diameter = 50 mm) was used for rheological analysis. The gap was adjusted to 1 mm and analysis was carried out at 5°C. Before the velocity test, linear viscoelastic region (LVR) was determined by an amplitude test with the strain range between 0.1% and 100%. According to the results, the velocity sweep test was performed at 0.5%. Storage modulus (G'), loss modulus (G''), complex modulus (G*), complex viscosity (η*) and tan (δ) for viscoelastic characteristics of the samples were measured as a function of velocity.
Instrumental texture analysis
Firmness values of the samples were determined by a texture analyser (Stable Micro Systems, TA. XT2 Plus, UK) equipped with 5 kg load cell. A cylindrical probe (P/2) was used to determine the textural properties of OGs at 25°C. Penetration test was performed and the force required for penetration of 1 cm was determined using the displacement-force curve obtained.
Statistical analysis
One factor analysis of variance (ANOVA) was performed to determine whether the differences between the corresponding quality parameters of the samples were statistically significant or not (p < 0.05).
Results
Fatty acid composition of OGs
The fatty acid compositions of reference (control margarine) and OGs including 5% CW prepared with different percentages of commercial In-Es blend fat, SO, and HOSO are given in Table 1 . Regarding control margarine, as mostly fractions of palm oil are generally used in In-Es blend fat, palmitic acid (16:0), one of the SFA, was found to have the highest concentration (40.69%), whereas the lowest amount was observed in OG 5 , which contained the lowest (20.52%) blend fat amount among all the samples produced.Oleic acid content of control margarine was found to be 28.74%. While OG 4 had the highest oleic acid content (%51.21), OG 2 had the lowest (26.96) among all oleogel samples. The total unsaturated fatty acids (TUFA) content of the samples changed between 43.52% (control margarine) and 69.08% (OG 5 ). The mono-unsaturated fatty acids (MUFA) concentrations were found to be between 27.47% (OG 2 ) and 51.59% (OG 4 ) and 14.22% (OG 3 ) and 29.43% (OG 2 ). Regarding saturated fatty acids (SFA) contents, it changed between 30.26% (OG 5 ) and 56.16% (control margarine). The findings of the present study indicated that OGs had higher TUFA and lower SFA contents when compared with the control margarine.
Solid Fat Content
SFC of the samples at three temperature levels (10, 20, and 30°C) was determined and the results are shown in Table 2 . The reference sample had the highest SFC, whereas OG 5 had the lowest SFC at all temperature levels analysed. Among the prepared OG samples, the highest SFC was observed in the OG 1 sample prepared from SO and BO at concentrations of 40 and 60%, respectively. At 10°C, after control margarine, OG 1 had the highest SFC value and OG 5 had the lowest compared with the others. Both the highest and lowest SFC values of all the samples after reference displayed the same pattern at 20 and 30°C.
Rheological properties
Different rheological properties of the control margarine and OGs are shown in Table 3 and Figure 2 , where changes in the viscoelastic parameters, namely, G', G'', G*, and η* values, as a function of angular velocity are presented. As can be seen from Figure 2 , the G' values were found to be significantly higher than the G'' values in all samples at all angular velocity values performed and no crossover point was observed, indicating that the solid-like character of the samples was predominant within the velocity range studied. The viscoelastic results demonstrated that G′ slightly increased with angular velocity like G″. The obtained velocity versus the G' and G'' values were modelled using the power law functions as follows:
Model coefficient calculations are presented in Table 3 . The R 2 values obtained from fitting of the G' values changed between 0.9647 and 0.9966, except for the reference, and those for G'' were Table 3 . Power-law model parameters calculated for describing the relation between angular velocity and the G' and G'' values. found to be between 0.2667 and 0.7416. The findings showed that the relationship between angular velocity and G'' values cannot be explained by the power law model, especially for the OG 1 and OG 4 samples. The K' values of the samples were found to be higher than the K'' values, implying that the control and OG samples had solid-like behaviour rather than viscous character. In addition, using Equation 3 , where G* is expressed as a function of angular velocity, the gel strength of the samples was calculated.
where A F and z are the gel strength and interaction factor, respectively. [32] The obtained data were fitted to the model and the corresponding parameters are tabulated in Table 3 . As can be seen, the A F values changed between 650,571 and 13,752,174, implying that OG formulation significantly affected the gel strength of the samples. The findings indicated that there is a positive correlation between the A F values and the SFA content (r = 0.9067). The A F value of the control sample was very large compared with that of the OGs. Increasing the blend fat concentration or changing the fatty acid composition of the OGs may affect the A F value. Variation of tan δ (G''/G') with respect to angular velocity is shown in Figure 3 . The tan δ values of the all samples ranged between 0.08 and 0.17 within all the velocity ranges studied, also indicating the solid character of the samples analysed.
Textural properties
Another quality parameter determined in this study was texture analysis, which was conducted to determine the hardness and spreadability of the samples. Firmness and work of penetration values are presented in Figure 4 . As expected, the hardness value of margarine was the highest, followed by OG 3 , OG 1 , OG 4 , OG 2 , and OG 5 , respectively. The results indicated that fatty acid composition of the samples remarkably affected textural properties like the rheological characteristics. Considering the fact that the textural properties were determined at room temperature, the results are consistent with the SFC profile of the OGs (Table 4) . Positive correlation between hardness and SFA content or hardness and A F value was also observed, with correlation coefficients of 0.9312 and 0.9067, respectively. The lowest penetration was observed in the control sample, penetration of OG 3 was found to be the higher than those of oleogel samples. 
Discussion
Fatty acid composition samples
As expected, the sample including HOSO (OG 4 ) had the highest oleic acid concentration. Increasing the oleic acid content of fat-based materials is important for health since it may decrease coronary heart disease risk by reducing the oxidation susceptibility of LDL cholesterol to oxidation. [33] In a related study, Si et al. [34] compared the fatty acid composition of soybean oil and soybean OGs produced with different types of oleogelators such as glycerol monostearate (MAG), sorbitan tristearate (STS), and lecithin (Lec) and different compositions of oleogelators, which are 3, 6% MAG and 6, 8, 10% Lec-STS, confectionery-fitting fat (CFF) and coating fat. Soybean oil had the lowest SFA (16, 63) and the highest polyunsaturated fatty acid (58,11) contents compared with the others. On the other hand, coating fat contained the highest SFA content, which was 99,68, and after coating fat, CFF had the second highest SFA (43,58%) among all the samples. As a result of fatty acid composition of the samples, after soybean oils, OGs were a better solid-like material compared with fitting and coating fat. The highest SFA content (56,2%) was found to be in control margarine in our work, whereas the CFF was the highest in the study mentioned above. On the other hand, OG5, which had 40% BF, was found to be the sample that included the lowest SFA, similar to that of soybean oil. The results indicated that lowering blend fat affected the SFA content.
In another study, Jang et al. [17] evaluated the fatty acid composition of cakes prepared with shortening, 3% and 6% canola oil/candelilla wax OGs. They found that while shortening included the highest amount of palmitic acid (16:0) (41.9%), the other two samples were rich in unsaturated fatty acids, namely, oleic (18:1, 62%), linoleic (18:2, 20%), and linolenic (18:3, 7%) acids. Comparing the palmitic acid amounts of shortening and control margarine in our work, both were found to be higher than those of canola oil and wax OGs, as expected. Moreover, the highest oleic, linoleic, and linolenic acid contents were 51.21% in OG 4 , 26.94% in OG 1 , and 0.48% in OG 2 .
Solid Fat Content
The melting behaviour is one of the most important quality factors of margarine. According to the quality of margarine, its rapid meltability in the mouth and firmness at room temperature are substantial quality indicators. [35] Using HOSO in the OG formulation resulted in a decrease in SFC of OGs, which seems to be a negative aspect. However, the SFC of such OGs can be adjusted by increasing the SFA present in the OG formulation. Results of the present study indicated that a higher SFA content resulted in an increase in SFC. Miskandar et al. [6] found that the SFC values of margarines at 20°C, namely table refrigerated, pastry, palm oil, and table non-refrigerated, were 14, 32, 23, and 26%, respectively.
For margarine, SFC must be lower than 6% at 37°C. [35] In the SFC values of this study, the OG 1 and OG 4 samples had approximately acceptable SFC values compared with that of margarine. SFC is associated with the plasticity and consistency of OGs or fats [37] ; it is also one of the important properties of an oil or fat, defined as the ratio of the solid content to the total matrix at a particular temperature. [36] The SFC and SMP (slip melting point) values are usually used for the estimation of products' suitability for different uses and climatic conditions. [38] Rheological properties Rukke et al. [39] found that the G' value of vegetable oil-based margarines was higher than 10 7 . Regarding the findings in this study, the control sample gave similar results; however, the value of OGs was found to be lower than that reported by Rukke et al. [39] , which might have resulted from the reduction of SFA present in the formulation. The slight increases in G' and G'' were determined with respect to angular velocity, which represents the characteristics of solid-like gels. [40] When the G' and G'' values are slightly increased with angular velocity, this situation is called the "plateau region", which is typically found in highly entangled polymeric systems. [41] On the other hand, this behaviour displays properties similar to those of a weak gel. [40] When the tan δ values of the samples were lower than 1, these systems show gel-like consistency. [41] The tan δ value can be used to characterize the relative elasticity of materials. [42] Textural properties
In Figure 4 , the oil types used in the OG formulation significantly affected the hardness value of the samples, consistent with the previous study.
[ 43] The types and concentrations of oil and wax were the major parameters influencing the physical properties of the OGs.
Conclusion
Selected important properties (fatty acid composition, SFC, textural, and rheological properties) of the water-containing wax-OGs produced by SFO and HOSFO compared with commercial margarine were determined. The wax-based oleogelation method for structuring liquid oil into gel-like materials was successfully demonstrated. The water-containing OGs showed a gel-like characteristic as well as the water-free OGs. Results showed that the oil type used in the formulation was one of the major parameters that significantly affected the thermal, rheological, and textural properties of the wax-OGs. OG with high oleic acid content can be produced by optimization of formulation. OG 5 had the highest TUFA and the lowest SFA, whereas the control margarine was the exact opposite. In the SFC values, control margarine had the highest values at all temperatures analysed. This study showed that wax OGs have some similar properties (textural, rheological, and SFC) to those of commercial margarines and that spreadable products can be produced using oleogelation technology. As a result, these findings showed that the development of SO-based soft matter systems including oleic acid at high concentrations could be used in food formulas. This is important to the industry and people regarding reduction of SFA in their diet.
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